This paper presents a new LMI condition for H2 control of linear time-invariant descriptor systems. The condition is expressed in terms of definite LMIs with no equality constraint, which is much more tractable in numerical computation than existing conditions for descriptor systems, that is, definite LMIs with equality constraints or semidefinite LMIs. Using the results of this paper, we can analyze and design descriptor systems in the almost same way as in the case of statespace representations.
Introduction
In this paper, we propose a strict LMI (Linear Matrix Inequality) approach for I32 control of linear timeinvariant descriptor systems. The term "strict LMI" means a definite LMI with no equality constraint. While strict LMI approaches are popular for state-space representations [l] , LMIs with equality constraints have been used extensively for descriptor systems. For example, there have been reported such conditions for stability [2] , robust stabilization [3] , H2 control [4] , and Hm control [5, 61. LMI conditions containing equality constraints are theoretically fine, but may cause a trouble in checking the conditions numerically. Because of round-off errors in digital computation, the equality constraints are in usual not satisfied perfectly. Then, it is difficult to judge whether the constraint is really unsatisfied or satisfied but looks unsatisfied by computatioal errors.
For this reason, the authors have proposed strict LMI conditions for stability, robust stabilization, and H , control of descriptor systems [7, 81. Strict LMIs are tractable and reliable when we use recent popular softwares [9] for solving matrix inequalities. In the present paper, we consider H2 control in the same context.
H2 Norm Condition
Let us consider a linear time-invariant descriptor system
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The system (1) has a unique solution for any initial condition and any continuous input function if det ( S E -A) f 0. In this case, (1) is said to be regular.
The finite eigenvalues of the matrix pair ( E , A ) , that is, the solutions of det ( S E -A) = 0, and corresponding (generalized) eigenvectors define exponential modes of (1). If all the finite eigenvalues lie in the open left half of the complex plane, the zero-input solution decays exponentially. The infinite eigenvalues of (E, A) with the eigenvectors x satisfying Ex = 0 determine static behaviors. The infinite eigenvalues of ( E , A ) with generalized eigenvectors s& satisfying the relation Ex1 = 0 and Ex& = AXk-1 (k 2 2) create impulsive modes. It is known that the system (1) has no impulsive mode if and only if , rank E = deg det(sE -A). (2) Stability of the system (1) is defined as follows.
Definition 1
The system (1) is said to be stable if it i s regular and has onlu decaying exponential modes and static behaviors.
A Lyapunov-type stability condition has been proposed, which is expressed by a strict LMI [7] . ,In the following lemma, the matrices V, U E RnX(n-r) are of full column ranks and composed of bases of ker E and ker ET, respectively. Introduction of these matrices was significant in deriving strict LMI conditions for descriptor systems [7] .
Lemma 1 The system (1) is stable if and onZy if there exist a positive definite matria: P E R"'" and a matrix s E R("-r)X(n-') such that the LMI (3) holds.
A(PET + V S U T ) + (PET + VSUT)TAT < 0
The H2 norm for a stable system (1) is defined as
IlG(sE -A)-'B1112
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Here, p > 0, and M I , M2 are the upper T and lower n -T rows of M , respectively. In addition, G N , GM
are nonsingular matrices such that NZ = V G N and
where Nz is the last n -T columns of N. The existence of such GN and G M is guaranteed by the fact that V is a basis matrix of ker E , N2 is of full column rank in kerE, U is a basis matrix of kerET, and MT is of full column rank in ker ET [7] .
hold.
Proof. Necessity: When the system (1) is stable, there are nonsingular matrices M and N such that
where A1 E RrXr is a stable matrix [lo] . Using such M and N,'we set
where the assumption (6) and the structure of MEN 
CI(sE -A)-lB1 = C~~( S I T -A I ) -~B I~ (12)
A 1 4 + PIAT + B11Bg < 0 trace {CllPlCZ} < y2.
(13)
We note that (13) implies Now, we define ClPC,' = CllPlC,?, (25) We note that the H2 norms of (1) and (24) are identical. 
Ai

H2 Control by Descriptor Variable Feedback
We now consider H2 control of the descriptor system
where x E Rn is the descriptor variable, w E RQ is the disturbance, U E Rm is the control input, and z E RP is the controlled output. We assume that the descriptor variable can be measured. In (29), the coefficient matrices are constant and rank E = T < n. While this description does not have a direct transmission path from u to z explicitly, it is known that systems having such a path can always be rewritten as (29) by augmenting the descriptor variable [5].
We use linear descriDtor variable feedback
Extension to Robust H2 Control
The result of the previous section can be extended t o robust H2 control for uncertain systems with polytopic coefficient matrices. Here, we assume that E , A, B1, In (38), the class of E may look restrictive, but it is not so when we consider actual systems.
Under the assumption (6), we obtain the following: 
hold, we see [7] that PET + VSUT is nonsingular and its inverse can be written as
. 
Concluding Remarks
A strict LMI condition has been presented for H2 control of linear time-invariant descriptor systems. The control law considered in this paper is static feedback of the descriptor variable. Robust H2 feedback control gain has been obtained for systems with polytopic coefficient matrices. The results of this paper can be extended to the case of dynamic controllers.
